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[57] ABSTRACT 

A charge-coupled device (CCD) image sensor includes 
in a substrate of single crystalline silicon of one conduc- 
tivity type an array of a plurality of spaced, parallel 
channel regions of the opposite conductivity type ex- 
tending along one major surface of the substrate. A 
plurality of parallel conductive gates are over the one 
major surface of the substrate and extend transversely 
across the channel regions. The outermost channel re- 
gions of the array are positioned adjacent edges of the 
substrate so that a plurality of the image sensors can be 
mounted in edge-to-edge relation with the channel re- 
gions of the various sensors being close together. The 
sensor includes passivating means between each outer- 
most channel region and the adjacent edge to prevent 
charge carriers generated by the edge from being in- 
jected into the outermost channel region. The passivat- 
ing means includes a highly conductive drain region of 
a conductivity type opposite to that of the substrate 
within the substrate and extending along the one major 
surface between the outermost channel region and the 
edge. Also, a highly conductive region of the same 
conductivity type as the substrate is on the substrate and 
extends along the one major surface directly at the 
edge. 


5 Claims, 4 Drawing Figures 
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EDGE PASSIVATED CHARGE-COUPLED DEVICE 
IMAGE SENSOR 

The invention described herein was made in perfor- 5 
mance of work under NASA Contract No. NAS 
5-27505 and is subject to the provisions of Section 305 
of the National Aeronautics and Space Act of 1958 (72 
Stat. 435, 42 U.S.C. 2457). 

The present invention relates to an edge passivated 
charge-coupled device (CCD) image sensor and more 
particularly to a CCD image sensor in which the edge 
of the substrate on which the sensor is formed is close to 
the CCD array and the CCD array is protected from 
charges developed at the substrate edge. 

BACKGROUND OF THE INVENTION 

A frame transfer CCD image sensor in general in- 
clude three parts: a photosensing array, known as the 
A-register; a temporary storage array, known as the 20 
B-register; and an output register, known as the C-regis- 
ter. In one type of CCD image sensor the A-register 
includes a plurality of spaced, parallel buried-channel 
regions in the form of regions of N — type conductivity 
formed in a substrate of single crystalline silicon of P — 25 
type conductivity and extending along a surface of the 
substrate. A plurality of parallel gates of a conductive 
material, such as conductive polycrystalline silicon, 
extends transversely across the channels and are insu- 
lated from the surface of the substrate by a layer of 30 
silicon oxide. The B-register likewise includes a plural- 
ity of spaced, parallel buried-channels which are exten- 
sions of the channels of the A-register. A plurality of 
spaced, parallel conductive gates extend transversely 
the channels of the B-register. The C-register includes a 35 
single buried channel extending across the ends of the 
B-register channels and a plurality of conductive gates 
extending transversely across the channel. The A-regis- 
ter and the B-register include channel stops extending 
between the channels to isolate the channels. The A- 40 
register can also include blooming drains between the 
channels. Such blooming drains are disclosed in U.S. 
Pat. No. 4,362,575 to L. F. Wallace, issued Dec. 7, 1982 
entitled “Method of Making a Buried-Channel Charge- 
Coupled Devices With Means For Controlling Excess 45 
Charge” and the patent application of E. D. Savoye et 
al., Ser. No. 455,332, filed Jan. 3, 1983 entitled “Imaging 
Array Having High Sensitivity And Method of Making 
The Same”, and assigned to the same assignee as the 
present application. 

There are some uses for CCD image sensors, such as 
for surveillance in space or high resolution television 
imaging, which require the use of a plurality of the 
image sensors mounted in side-by-side abutting relation 
so as to be capable of sensing a large area. For such a 55 
use, it is desirable that the edge of a substrate be as close 
as possible to the sides of the A-register, the CCD sens- 
ing area, so that when the sensors are mounted together 
the A-registers of the various sensors will be as close as 
possible to minimize dead space between the individual 60 
sensors. However, it has been found that charge carriers 
are generated at the edges of the substrate, and, if these 
charge carriers are injected into the CCD channels, 
they introduce a fixed pattern noise and may overload 
the CCD register, thereby adversely affecting the image 65 
being detected. Therefore, it is desirable to passivate the 
edges of the substrate to prevent injection of the unde- 
sirable charge carriers into the CCD registers. A type of 
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high resolution CCD imager where this problem can 
exist is described in the patent application of Hammam 
Elabd et al., Ser. No. 590,888, filed Mar. 16, 1984 enti- 
tled HIGH RESOLUTION CCD IMAGERS, and 
assigned to the same assignee as the present application. 

SUMMARY OF THE INVENTION 

An image sensor includes a substrate of single crystal- 
line silicon of one conductivity type having a pair of 
10 opposed major surfaces and edges. A sensor array is 
incorporated in the substrate. The array includes a plu- 
rality of space detectors arranged in columns extending 
along one of the major surfaces of the substrate. At least 
one of the columns is adjacent an edge of the substrate. 
15 In the substrate and between the edge of the substrate 
and the adjacent column of detectors is means for re- 
ceiving any charge carriers generated at the edge to 
prevent the charge carriers from being injected into the 
adjacent detectors. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a top plan view of a portion of a CCD image 
sensor which incorporates the present invention. 

FIG. 2 is a sectional view taken along line 2 — 2 of 
FIG. 1. 

FIG. 3 is a sectional view taken along line 3 — 3 of 
FIG. 1. 

FIG. 4 is a graph showing the effect of the use of the 
present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

Referring initially to FIG. 1, a frame transfer CCD 
image sensor which incorporates the present invention 
is generally designated as 10. The CCD image sensor 10 
includes a photosensing array 12, known as an A-regis- 
ter, a temporary storage array 14, known as a B-register, 
and an output register 16 known as a C-register. The B- 
and C-registers 14 and 16 are masked, that is, means (not 
shown) are provided for preventing a radiant energy 
image from reaching either register. 

The CCD image sensor 10 is formed in and along a 
substrate 18 of single crystalline silicon of P type con- 
ductivity. The substrate 18 has a pair of opposed major 
surfaces 20 and 22 and an outer edge 24. 

As shown in FIGS. 1 and 2, the A-register 12 includes 
a plurality of spaced, parallel buried-channels 26 of N 
type conductivity within the substrate 18 and extending 
along the surface 20. The channels 26 are arranged 
50 across the substrate 18 with the outermost channels 26 
being adjacent an edge 24 of the substrate 18. Between 
the channels 26 and on the outer side of the outermost 
channels 26 are barrier regions 28 of P type conductiv- 
ity. If desired, blooming drains of N type conductivity 
(not shown) can be provided on each side of each of the 
channels 26. Such blooming drains are shown in the 
previously referred to Wallace U.S. Pat. No. 4,362,575 
and the Savoye et al. patent application Ser. No. 
455,332, which are incorporated herein by reference. 

As shown in FIG. 2, a channel layer 30 of silicon 
oxide is on the substrate surface 20 and extends over the 
channels 26 and barrier regions 28. The channel oxide 
layer 30 is relatively thin, about 1500 angstroms in 
thickness. Around the channel oxide layer 30 is a field 
layer 32 of silicon oxide. The field oxide layer 32 is 
thicker than the channel oxide layer 30. 

As shown in FIG. 3, a first set of spaced, parallel 
gates 34a are on the channel oxide 30 and extend trans- 
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versely across the channels 26 in a manner well-known 
in the art of CCD image sensors. A second set of 
spaced, parallel gates 34 6 are on the channel oxide layer 
30 and extend transversely across the channels 26 with 
each second gate 34 6 being between a pair of first gates 5 
34a. Each of the second gates 346 overlaps a portion of 
an adjacent first gate 34a and is insulated from the first 
gate 34a by a layer 36 of silicon oxide. A separate third 
gate 34c is on the channel oxide layer 30 between each 
of the second gates 346 and the first gate 34a of the 10 
adjacent set of gates. The third gates 34c are part of a 
single layer which extends over the first and second 
gates 34a and 346 and which is insulated therefrom by a 
layer 38 of silicon oxide. The gates 34e, 346 and 34c are 
of an electrically conductive material, such as doped 15 
polycrystalline silicon. The first gates 34a are electri- 
cally connected together by a terminal at one edge of 
the array, and the second gates 346 are likewise electri- 
cally connected together by a terminal at one edge of 
the array. Since the third gates 34c are all part of a 20 
single layer, they are also electrically connected to- 
gether. 

To passivate the channels 26 from the edges 24 of the 
substrate 18, a separate drain 40 is within the substrate 
18 between each of the outermost channels 26 and the 25 
adjacent edge 24 of the substrate 18 as shown in FIG. 2. 
The drains 40 are high conductivity regions of a con- 
ductivity type opposite to that of the substrate 18 and 
extend along the substrate surface 20 parallel to the 
edges 24 of the substrate 18 and surround the active 30 
sensor area. The drains 40 usually extend into the sub- 
strate 18 from the surface 20 a distance greater than the 
depth of the channels 26 and depletion regions corre- 
sponding to the drains 40 are controlled by the bias 
voltage applied to the drains 40. A high conductivity 35 
region 42 of the same conductivity type as that of the 
substrate 18 is within the substrate 18 and extends along 
the entire length of the edge 24 of the substrate 18. 

The B-register 14 is of a structure similar to that of 
the A-register 12 in that it includes a plurality of spaced, 40 
parallel channels which are extensions of the channels 
26 of the A-register 12 with barrier regions between the 
channels and on the outsides of the outer channels 
which are extensions of the barrier regions 28 of the 
A-register 12. The channel oxide layer 30 also extends 45 
over the channels and barrier regions of the B-register 
14. Three sets of gates, which are of the same construc- 
tion as the gates 34 a, 346 and 34c of the A-register 12, 
extends transversely across the channels of the B-regis- 
ter 14. The drains 40 extend along the outer channels of 50 
the B-register and the high conductivity region 42 also 
extends along the B-register. 

The C-register 16 includes a channel 44 of a conduc- 
tivity type opposite to that of the substrate 18 within the 
substrate 18 and extending along the surface 20 across 55 
the ends of the B-register channels. The channel oxide 
layer 30 also extends over the C-register channel 44 and 
the field oxide layer 32 extends along the lower edge of 
the channel 44. A first set of spaced, parallel gates 46a 
are on the field oxide layer 32 and extend transversely 60 
across the channel 44. A second set of spaced, parallel 
gates 466 are on the field oxide layer 32 and extend 
transversely across the channel 44 between the first 
gates 48. Each of the second gates 466 partially overlaps 
an adjacent first gate 46a. Third gates 46c are on the 65 
field oxide layer 32 between each of the second qates 
466 and the first gate 46a of the next set. The first gates 
46a are connected together along one edge of the chan- 
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nel 44 and the second gates 466 are all connected to- 
gether along one edge of the channel 44. The third gates 
46c are formed from a single layer. All of the gates 46a, 
466 and 46c are of a conductive material, such as doped 
polycrystalline silicon. As shown in FIGS. 2 and 3, the 
substrate 18 has a thin, highly conductive region 48 
extending along the surface 22 thereof. 

In the operation of the sensor 10, any charge gener- 
ated at the edges 24 of the substrate 18 will tend to be 
intercepted by the depletion region of the edge drains 
40 and thus will flow into the drains 40 and be pre- 
vented from reaching the outermost channels 26. The 
highly conductive region 42 along the edges 24 serve to 
prevent the formation of the depletion region from 
extending to the very edge 24 of the substrate 18, which 
could result in an excessively large edge drain current. 

The data for the graphs shown in FIG. 4 was ob- 
tained from a sensor array of the construction shown in 
the previously referred to application of Hammam 
Elabd et al., Ser. No. 590,888 which included an edge 
drain 40 of the present invention. In the graph of FIG. 
4, line 48 shows the edge drain current versus voltage 
for a sensor 10 of the present invention having the sub- 
strate edges 24 close to the channels 26, about 10 mi- 
crons from the edge. As shown by line 48, as the edge 
drain voltage is increased, the current increases, indicat- 
ing that current flows in the drain 40. Line 50 is the edge 
drain current versus voltage for a sensor having the 
edge of the substrate spaced away from the drain 40. It 
can be seen from line 50 that as the edge drain voltage 
is increased the edge drain current does not increase 
when the edge of the substrate is spaced from the drain. 
From lines 48 and 50 it can be seen that the edge of the 
substrate being close to the drain does generate a charge 
which flows into the drain. 

Line 52 shows any change in response of the outer- 
most channels 26 (the last pixel of the sensor array) for 
a sensor which incorporates the present invention with 
the edge of the substrate being close to the drain. Line 
52 indicates that the response of the last pixel, which is 
the pixel which could be affected by edge generated 
charges, is still 100% for voltages of 6 volts even 
though, as shown by line 48, there are edge generated 
charges which are collected in the edge drain 40. Al- 
though line 52 shows that the last pixel response de- 
creases at drain voltages above 6 volts, this is a result of 
the expansion of the depletion region of the edge drain 
which tends to rob the last pixel of the detected optical 
signal, and can be compensated for. The compensation 
can be accomplished either by increasing the size of the 
last pixel or by increasing the distance between the last 
pixel and the edge drain 40. Thus, when the image array 
is operated with a drain voltage of no greater than 6 
volts, the drains 40 passivate the edges of the sensor 10 
by preventing charges generated by the edge 24 from 
reaching the outermost channels 26 (the last pixel). This 
permits the sensors 10 to be made in substrates 18 hav- 
ing side edges close to the outermost channels 26 so that 
when a plurality of the sensors 10 are mounted in side- 
by-side relation the outermost channels of the various 
adjacent sensors will be relatively close together. If the 
sensor must be operated with the drain voltage above 6 
volts, the same effect can be achieved by an appropriate 
compensation as previously described. 

Although the sensor is shown with the edge drain 40 
under the gates, the edge drain 40 can be formed outside 
the gates and self-aligned with the ends of the gates. 
However, this structure would increase the spacing 
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between the outermost CCD channel and the edge 24 of 
the substrate 18. Also, the edge drain 40 can be pro- 
vided with a barrier region along one or both sides 
thereof. The barrier region is a region of the same con- 
ductivity type as that of the drain region but of lower 5 
conductivity. A barrier region along the sides of the 
drain can be most effectively formed when making a 
sensor having blooming drains, such as described in the 
Wallace U.S. Pat. No. 4,362,575. In addition, the data 
shown in FIG. 4 was obtained from a sensor formed in 10 
a substrate having a resistivity of 10 ohm-cm and then to 
a thickness of about 10 microns. In principle the edge 
drain of the present invention could be even more effec- 
tive if the substrate was of higher resistivity which 
would allow the depletion region around the edge drain 
to extend completely across the thickness of the 10 
micron thick substrate to a very shallow (about 500 
angstroms) P+ layer 27 at the back surface 22 of the 
substrate 18. 2 o 

Although the sensor has been shown as being in the 
form of a frame transfer CCD imager sensor, the pres- 
ent invention can also be used with a line transfer CCD 
imager. Also, the present invention can be used in imag- 
ers in which the detectors are for structures other than 2 s 
CCD detectors, such as Schottky-barrier detectors. 

Thus there is provided by the present invention an 
edge passivation for a CCD image sensor which allows 
the buried channels of'the CCD to be positioned close 
to the edges of the substrate in which the device is 30 
formed but prevents any charges developed at the edge 
from reaching the buried channels which would disrupt 
the image being detected. This allows several of the 
CCD image sensors to be mounted in edge-to-edge 
relation. 35 

We claim: 

1. An image sensor comprising 
a substrate of single crystalline silicon of one conduc- 
tivity type having a pair of opposed major surfaces 
and edges, 40 
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a sensor array incorporated in said substrate, said 
array including a plurality of detectors extending in 
parallel columns along one of said major surface, at 
least one of said columns being adjacent an edge of 
the substrate, 

a drain means in said substrate between said edge of 
the substrate and the adjacent column of detectors 
for receiving any charge carriers generated at said 
edge to prevent charge carriers from being injected 
into said adjacent detectors, and 

a highly conductive region of the same conductivity 
type as the substrate within the substrate and ex- 
tending along said one surface directly at said edge 
for preventing the depletion region caused by gen- 
erated charges from extending to said edge. 

2. An image sensor in accordance with claim 1 in 
which the drain is a high conductivity region of a con- 
ductivity type opposite to that of the substrate within 
the substrate and extending along said one major sur- 
face. 

3. An image sensor in accordance with claim 1 in 
which the sensor array includes a plurality of spaced 
channel regions of a conductivity type opposite to that 
of the substrate within the substrate and extending 
along said one major surface with at least one of said 
channels being adjacent the edge of the substrate and a 
plurality of conductive gates extending across said 
major surface and transversely across the channels. 

4. An image sensor in accordance with claim 3 in 
which the drain is a high conductivity region of a con- 
ductivity type opposite to that of the substrate within 
the substrate and extending along said one major sur- 
face. 

5. An image sensor in accordance with claim 4 in- 
cluding a high conductivity region along the other 
major surface of the substrate and means whereby the 
depletion region of the drain can extend through the 
thickness of the substrate to the high conductivity re- 
gion. 
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